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Introduction: The Swedish National Patient Register was validated only for a few diag
noses in the field of trauma. In this study, we calculated the positive predictive values (PPV) 
of the diagnosis of open tibial fracture and corresponding E-codes (cause of injury).
Patients and Methods: Out of 2845 cases from a 10-year period (2007–2016), a random 
sample of 300 cases was selected for review of medical records. The accuracy of the 
diagnosis and cause of injury was calculated and presented as PPV. We divided the study 
population into two subgroups (moderate and severe injury) that were analyzed separately. 
Severe injury was defined as when a patient had an amputation and/or reconstructive surgical 
procedures, indicated by corresponding ICD-codes.
Results: The PPV of the diagnosis of open tibial fracture was 87% (95% CI: 86–88%) 
overall, 86% (95% CI: 79–91%) for moderate injuries and 96% (95% CI: 91–98%) for 
severe injuries. The PPV for E-codes was 74% (95% CI: 65–81%). The majority of injuries 
were caused by falls (47%) or transport accidents (38%). Most of these injuries were caused 
by high-energy trauma (60%).
Conclusion: The PPV of the diagnosis of open tibial fracture in the Swedish National 
Patient Register is high (87%). The PPV of E-codes was lower (79%). The results imply that 
the register is well suited for healthcare evaluation and research purposes regarding trauma 
diagnoses. Most open tibial fractures are high-energy injuries.
Keywords: cause of injury, diagnosis, open tibial fracture, positive predictive value, register 
study

Background and Purpose
Open tibial fractures are serious injuries, associated with severe complications like 
osteomyelitis and amputations. The soft tissue over the tibial bone is sparse and 
approximately one in ten patients with these fractures requires reconstructive surgery, 
including multi-professional treatment by plastic reconstructive and orthopedic sur
geons. Moreover, the population is heterogeneous and comprises young patients with 
major traumatic injuries as well as the elderly who are prone to simple falls.1

The Swedish National Patient Register (SNPR) covers 98% of all hospital 
admissions in Sweden. The coverage and content expanded, and since 1998, the 
ICD-10 diagnoses for somatic diseases, surgical codes and injuries were used and 
registered in all Swedish hospitals.2

There are previous validation studies for selected diagnoses.3 However, the 
number of such studies on traumatic injuries and external causes of injury is 
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limited.4 No validation of the diagnosis of open tibial 
fracture has been previously presented. For every diagno
sis of a traumatic injury, there is an associated external 
cause of injury (E-code). To our knowledge, there are no 
publications on the validity of E-codes in the SNPR.

The aim of this study was to validate the diagnosis of 
open tibial fracture and the associated E-codes, by calcu
lating the positive predictive values (PPV). To elucidate 
possible differences, we performed a validation of the 
diagnosis on two subpopulations, ie, patients with or with
out major complications.

Patients and Methods
Patients
Data on demographics, diagnoses, E-codes and surgical 
procedure codes were collected from the SNPR. We 
extracted data on all patients with the diagnosis of open 
tibial fracture, including fractures of the proximal tibia, the 
shaft and the distal tibia (S82.11, S82.21 and S82.31). The 
study period was 2007–2016.

We identified 2845 patients, each given a unique code 
number. We characterized the injuries as moderate or severe. 
Severe injuries were defined as patients that sustained inju
ries associated with major complications, indicated as 
patients that had an amputation and/or reconstructive surgical 
procedures. These were identified in the Register as having 
an ICD-coded surgical procedure for reconstructive surgery 
(ZZS pedicled flap, ZZQ free flap and ZZA skin graft) and/or 
amputation (NGQ19 below-knee amputation, NGQ09 knee 
disarticulation and NFQ19 above-knee amputation). Open 
tibial fractures without such procedure codes were consid
ered moderate injuries. This resulted in two groups: (A) 
moderate injuries (n=2515) and (B) severe injuries (n=330). 
From each group, a random sample of 150 cases was selected 
for review, using a computerized uniform randomization 
procedure (Figure 1). The size of the random samples was 
chosen with regard to a previous study of 3777 patients from 
the same register.1 From that study, we knew that out of 3777 
cases during a 13-year period, 9% had a reconstructive pro
cedure and 2% had an amputation. We estimated that 150 
from each group would give a representative sample for both 
subgroups and from an ethical point of view, not too many 
reviews. The patients’ code numbers were converted to their 
unique Swedish personal identification numbers by the 
National Board of Health and Welfare. Thereafter, we col
lected files for these patients from 50 Swedish hospitals.

Review of Patient Records and Analysis
All patient records were reviewed by a consultant orthopedic 
surgeon including notes of hospital admission, surgical reports, 
x-ray reports and discharge summaries. If any information 
indicated an open fracture, the diagnosis was assumed to be 
correct. Consequently, if there was no information on any open 
fracture in the available records or if the anatomical location 
was incorrect, the diagnosis was assumed to be false. Closed 
fractures and ankle fractures were considered incorrect. All 
causes of injury and the E-codes were reviewed correspond
ingly. E-codes consist of five positions. The fourth and fifth 
position define the location and the activity. The results for 
E-codes were grouped as correct, incorrect or unspecified. It is 
not uncommon that unspecific codes are used, even when 
specific and detailed information is available in the medical 
records. Therefore, unspecific codes were grouped separately. 
We calculated the PPV of E-codes based on the number of 
completely correct codes. Unspecific codes were considered 
correct when the necessary information was absent.

We characterized all injuries as being caused by high or 
low energy. Low energy was defined as falls from standing 
height, from stairs or lower height, sports injuries and low- 
energy vehicle accidents. High energy was defined as falls 
from height, crush injuries, gunshot injuries and high- 
energy road traffic accidents.

We grouped the causes of injury in three main groups: 
falls, transport accidents and others. These were further 
divided into detailed subgroups. The term unprotected 
road users refers to the subgroups of cyclists, motorcy
clists and pedestrians.

The PPV (expressed as percentage) was calculated as 
the number of correct diagnoses divided by the sum of 
correct and incorrect diagnoses.

The presence of a classification system of open fracture in 
the medical records was noted. Classification is not a variable 
reported to the SNPR. Classification systems are used to char
acterize injuries. They provide guidance for doctors regarding, 
for example, treatment options and risk factors for complica
tions. The only classification system used by Swedish ortho
pedic surgeons in this study was Gustilo Anderson et al.5

We analyzed the two subgroups separately. Regarding PPV 
and energy level, we calculated an estimate for the total study 
population based on the results from both subgroups. The 
reason for this calculation was to take into account that severe 
injuries, according to our definition, represented only 12% of 
the study population, whereas the majority were moderate 
injuries.
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Exclusion Criteria
We excluded all patients who had their injury abroad, 
as we had no access to records from foreign hospitals 
(n=17). We also excluded patients that had incomplete 
files due to various reasons (n=21). This left us with 
262 cases (87%) for the final analysis of PPV 
(Figure 1).

For E-codes, only records with correct primary diag
noses were examined (n=238, 79%).

Statistics
We used the free software R, available at www.r-project. 
org. Welsh-2 t-test was used for comparisons between 
subgroups for continuous variables (age).

Fisher’s exact test was used to calculate differences in 
percentages for the subgroups regarding PPVs, proportion of 
high-energy injuries and the use of Gustilo classification. 
Odds ratios (OR) and the associated 95% confidence inter
vals (CI) are presented.

Figure 1 Flowchart. Original study population, division in subgroups, random samples for review of medical records and exclusions. Final remaining incorrect and correct 
diagnosis codes for calculation of PPV.
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Fisher’s exact test was also used to calculate differ
ences in proportions regarding cause of injury in the 
subgroups.

Ethics
The study was approved by the Ethical Board in 
Stockholm (Dnr 2009/837-31/3, 2017/1652-32).

Results
Characteristics of the Study Population
The majority of patients in the study population of 2845 
individuals were male (64%). The mean age was 47 
years (range 0–99). According to our definition, the 
majority had a moderate injury (n=2515, 88%). There 
were 330 patients with severe injuries. Females were 
older than males in the subgroups as well as in the 
total study population. The proportion of high-energy 
injuries was higher among severe (78%) compared 
with moderate (58%) injuries (OR 0.4 (CI=0.2–0.7)) 
(Table 1).

Positive Predictive Value
Overall, the PPV was 87% (95% CI: 86–88%) for the 
diagnosis of open tibial fracture. In the subgroups, PPV 
differed. PPV was 86% (95% CI: 79–91%) for moderate 
injuries and 96% (95% CI: 91–98%) for severe injuries 
(OR 0.3 (CI=0.1–0.7)) (Table 2).

For 22 cases, the diagnosis was not accurate. Among 
those, 17 were closed tibial fractures and 5 were ankle 
fractures (Figure 1).

The PPV for E-codes was 71% (95% CI: 69–73%) for 
the total population, and also 71% (95% CI: 65–81%) for 
moderate as well as for severe injuries (Table 2).

Cause of Injury
In the group of patients with moderate injuries, a larger 
proportion of the fractures were caused by falls (n=52, 
44%) compared with the group of patients with severe 
injuries (n=36, 30%, OR 1.9 (CI=1.1–3.3)) (Table 3). 
The majority were low-energy falls in both severe and 
moderate injury groups (n= 19, 53% and n=36, 69%, 
respectively). Transport accidents were more common in 
the group of severe injuries compared with moderate inju
ries (n=67, 55% vs n= 42, 36%, OR 0.5 (CI=0.3–0.8)). 
Among those, the largest subgroup (n= 32, 48%) was 
motorbike accidents (Table 2). Accidents with pedestrians 
were more common among severe (n=12, 18%) than mod
erate (n=5, 12%) injuries (Table 3).

Discussion
In this validation study of the Swedish National Patient 
Register, we found that the positive predictive value (PPV) 
of the diagnosis of open tibial fracture was high (87%). 
The validity of E-codes was lower (71%).

To validate diagnoses in patient registers, the preferred 
method is control of input data through a review of patient 
records. For this study, we reviewed medical records from 
50 hospitals in Sweden. In a Finnish validation study 
performed in three trauma centers on the diagnosis of 
trochanteric fracture, the authors found an accurate diag
nosis for 96% of the cases. The accuracy of E-code was 
also high (90%).6 In a recent validation study of the 
Danish registers, the authors evaluated hip fracture diag
noses for different subtypes and codes for surgical proce
dures. The PPV of the diagnosis trochanteric fracture was 
92% and of subtrochanteric fracture 83%, ie, results that 
are comparable to our numbers.7

Table 1 Characteristics of the Total Study Population and 
Random Samples of Moderate and Severe Injuries. The 
Number of Gustilo Classifications and High-Energy Injuries in 
the Total Population is an Estimate

Total Study 
Population 
n=2845

Moderate 
Injuries 
Sample 
n=136

Severe 
Injuries 
Sample 
n=126

Sex (n)
Men 1764 83 88

Women 1081 53 38

Mean age (SD) 47 (22) 45 (23) 50 (22)

Men 42 (20) 40 (21) 47 (22)
Women 55 (24) 53 (24) 58 (24)

Use of Gustilo 
classification (n)

683 31 39

High-energy 
injury (n)

1701 79 98

Table 2 PPV of Diagnosis and E-Codes, Comparison Between 
the Subgroups Moderate and Severe Injuries

Moderate Injuries 
n=136

Severe Injuries 
n=126

PPV (95% CI)
Correct diagnosis 86 (80–92) 96 (93–99)
Correct E-code 71 (63–79) 71 (63–79)
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Through a detailed analysis of the cases in our study, 
we found that the most common misdiagnosis was 
a closed instead of an open fracture. This differentiation 
between open and closed fracture is on the 3-digit-level 
where 0 defines a closed fracture and 1 defines an open 
fracture according to ICD-10. Conversely, in this set-up, 
we did not examine the population of patients with closed 
tibial fractures to estimate the number of open fractures 
that were misclassified as closed.

Only 12% of tibial shaft fractures in Sweden are open.8 

As a comparison, 21% were open fractures in a cohort 
from Edinburgh, and 60% in a recent study from several 
European trauma centers.9,10 These differences could be 
due to the fact that patient populations from trauma centers 
are likely to comprise a larger part of complicated cases. 
By analyzing moderate and severe injuries separately, we 
saw that the validity for the diagnosis was higher among 
severe injuries. This may be explained by the fact that 
severe open fractures are often obvious with large wounds 

and dislocations, in contrast to the low-grade injuries with 
wound size of one centimeter. Also, we saw a tendency 
towards higher use of classification systems among 
severely injured patients. We think that Swedish orthope
dic surgeons may find classification more important for the 
cases where there is a higher risk for complications like 
amputation or lack of soft tissue that may need reconstruc
tive surgery.

To our knowledge, this is the first published validation 
of E-codes for the SNPR. The PPV for E-codes was lower 
than for diagnosis (71%). E-codes were somewhat more 
difficult to assess as the available information in the 
records was not always complete. Nevertheless, we 
found that in several cases the information exists in the 
medical records but was not used for a correct coding. 
Instead, they were classified as unspecified. We did not 
perform a specific analysis on these cases, but in our 
opinion, unspecified codes were used too often and 
improvement should be possible. As we validated diag
noses and E-codes, we could also examine the causes of 
injury patterns among patients with open tibial fracture as 
well as the basic characteristics of the study population. As 
in other large study populations, the majority of patients 
sustaining open tibial fractures in Sweden were men 
(64%), at an average age of 47 years.9,10 In a population 
from Edinburgh of 1502 patients with open or closed tibial 
shaft fractures during 1990–1999, men represented 75% at 
an age of 32 years.11 The higher proportion of men at 
a younger age in that study may indicate differences in 
study populations but also that a larger part of trauma 
patients in recent years are elderly women.

We characterized the two subgroups (moderate and 
severe injuries) to map the subgroup at risk for compli
cations. Patients with severe injuries were older, to 
a greater extent male, and more often affected by high- 
energy accidents. When looking in detail at causes of 
accidents, we noted that unprotected road-users like 
motorcyclists, cyclists and pedestrians were most at 
risk to sustain injuries in transport accidents. This find
ing is in line with a study from France where the fatality 
rates for motorized two-wheelers were increased com
pared with car occupants.12 In a study from European 
trauma centers, the leading causes of accidents for open 
fractures were motor vehicle and motorcycle accidents.10 

By contrast, moderate injuries were more often due to 
falls. According to Winkler et al, the number of road 
traffic accidents (RTAs) as a cause of accident has 
decreased during 1988–2010.13 In our study from more 

Table 3 Distribution of Causes of Injury Among Patients with 
Open Tibial Fractures. Comparison Between Moderate and 
Severe Injuries. Causes of Injury are Divided into Three Main 
Groups: Falls, Transport Accidents and Others

Moderate 
Injuries 
n=117

Severe 
Injuries 
n=121

Falls, total 52 36
Low-energy fall 36 19
High-energy fall 11 15

Fall unspecified 5 2

Transport accidents, total 42 67
Pedestrian vs motor vehicle 5 12
Bicycle 11 4

Motorcycle accident 19 32

Car accident 2 8
Bus/truck accident 1 3

Horse rider 2 1

Other vehicles 2 7

Others, total 23 18
Crush injury 3 9
Shotgun injury 3 1

Contact with animal 2

Contact with human 2
Power tool/lawn mower 3 2

Electricity and fire 2

Intentional self-harm or suicide 
attempt

2 3

Miscellaneous 8 1
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recent years, the number of falls was higher than RTAs 
among patients with moderate injuries, who represent 
88% of the study population. This is consistent with 
the trend of improved road safety, and at the same time 
increasing group of the elderly.

We found that most cases in our study were high-energy 
injuries. The proportion of high-energy injuries was higher 
in the subgroup of severe injuries, as expected. Nevertheless, 
in the subgroup of severe fractures, defined as patients that 
had an amputation or reconstructive surgery, 22% of the 
injuries were caused by low-energy trauma. Patient factors 
like age and co-morbidities as well as extensive contamina
tion of the wound are known as major risk factors for 
complications.1,14 We conclude that regardless of initial 
appearance or mechanism of injury, all open fractures should 
be thoroughly assessed from admission and treated accord
ing to recent guidelines.15

The strength of this study is that we analyzed a random 
sample from a nationwide register where data were ver
ified directly from medical records and surgical reports. 
The drop out rate was low (13%), which implies that this 
study provides a reliable calculation of the PPV of the 
diagnosis of open tibial fracture as well as description of 
the population of Swedish patients with open tibial frac
tures. We included all Swedish emergency hospitals to get 
results applicable to the entire population. As we studied 
the subpopulations of moderate and severe injury, we 
acquired specific information on the most complicated 
injuries that are a challenge for both patients and health
care providers.

There are limitations with the study. We do not know 
the actual amount of open tibial fractures in Sweden, as 
records of patients with closed tibial fractures or ankle 
fractures were not reviewed. However, we suppose that 
the number missed is not considerable, and open tibial 
fractures are not treated in outpatient care. The hospital 
provided a various amount of information and the records 
were reviewed by one orthopedic surgeon only. The results 
would be more reliable when repeated by several orthope
dic surgeons.

In Sweden, there are several nationwide registers that 
gather overlapping information.

Since 2012, the Swedish Fracture Register is used for 
direct on-line registration of all fractures by orthopedic sur
geons and other physicians. Eighty percent of Swedish ortho
pedic departments participate, and 70–90% of fractures are 
registered in each department.16 With higher coverage, the 
fracture register will offer better possibilities of follow-up 

including patient outcome. A comparison between the SNPR 
and the Swedish Fracture Register would be valuable.

Regarding cause of injury, the Swedish Transport 
Agency holds a database that includes all road traffic 
accidents causing personal injury. This database, 
STRADA (Swedish Traffic Accident Data Acquisition), 
has a nationwide coverage since 2016.17 Data are collected 
from the police as well as the healthcare system. 
A comparison with E-codes from SNPR would be inter
esting. In the future, a merging of overlapping registers 
like these would simplify extraction of data for research 
purposes as well as information for healthcare providers.

Conclusion
The Swedish National Patient Register is widely used for 
research purposes. In this study, we conclude that the PPV 
of the diagnosis of open tibial fracture, a trauma diagnosis, 
is high, and research data should be interpreted accord
ingly. The PPV of E-codes is lower, and the improvement 
of encoding and reporting is a worthwhile objective. Most 
open tibial fractures in Sweden are caused by high-energy 
trauma and unprotected road users are especially at risk for 
complicated injuries.

Disclosure
The authors report no conflicts of interest in this work.
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